We aim to investigate the prevalence and risk factors for anaemia among the elderly in a tertiary hospital.
INtRODUctION
Old age is a major risk factor for anaemia 1 . Loss in physical function resulting from anaemia threatens the independence and quality of life of older adults, and has substantial social and economic effects 2 . Interestingly, cognitive impairment has also been shown to be linked with anaemia 3 . Anaemia, even if mild, is also associated with an increased risk of hospitalisation and mortality 4 .
Local data on the epidemiology of anaemia in the elderly is limited. A previous study suggests a high prevalence rate of anaemia of more than 30% in an hospitalised population, with a large proportion being nutritional anaemias 5 . Anaemias of chronic disease also form a substantial proportion in the study. However, there is a lack of current data. Moreover, the impact of demographic and clinical indicators on anaemia have yet to be fully investigated. Studies have indicated that the prevalence of anaemia is affected by health status, and hence is higher in inpatients as opposed to community dwelling adults. Hence, a study was conducted to examine the epidemiology of anaemia in the elderly in the hospitalised setting. Anaemia was defined by a haemoglobin level of less than 12g/dl for women and less than 14g/dl for men according to the reference range from our hospital's laboratory (based on local epidemiological data). Transferrin saturation was calculated by dividing serum iron by total iron-binding capacity. Iron deficiency was considered present if the subject had a low ferritin level, with values less than 18 in females and less than 47 in males considered as abnormal, or if transferrin saturation was less than 10% 6, 7, 8 . Patients were classified with B12 deficiency if serum B12 concentration was less than 145pmol/l, and classified as folate deficiency if serum folate concentration was less than 4.8nmol/l.
If they had no evidence of iron, folate or B12 deficiency, patients were evaluated for other causes of anaemia. Anaemia of chronic renal disease was defined as an estimated creatinine clearance less than 30ml/min 9 . Anaemia of chronic inflammation (ACI) was defined as low serum iron count (less than 11µmol/l) without evidence of iron deficiency 10, 11 . The disease burden was quantified with the Charlson's co-morbidity index 12 
REsULts

Demographic Data
In our study population, 424 patients had anaemia (57.1%), with 206 (48.6%) males and 218 (51.4%) females. Of these anaemic patients, 331 (78.1%) were Chinese, 41 (9.7%) were Indian, 41 (9.7%) were Malay and 11 (2.6%) were of other ethnicities. When classified by age, there were 139 cases (32.8%) between 65-74 years, 206 cases (48.6%) between 75-84 years, and 85 cases (18.6%) of 85 years old and above.
The distribution of haemoglobin levels by gender is shown in Fig. 1 and demographic factors in Table 1 .
Distribution of Anaemia types
The distribution of types of anaemia is shown in A large proportion of the cases were due to renal insufficiency (15.1%) and anaemia of chronic disease (14.2%). As the diagnosis of anaemia of chronic disease requires clinical indicators, co-morbidities had to be present. In those classified with anaemia of chronic disease, the mean Charlson co-morbidity score was found to be 3.17, and the distribution of co-morbidities is shown in Table 3 . Other forms of anaemia were attributed to thalassemia (4%) and haematological causes (0.7%). Twenty-seven cases (6.4%) of anaemia were unexplained, and 143 cases (33.7%) were not worked up.
Sixteen cases (3.8%) had both iron deficiency and vitamin B12 anaemia.
Of the 143 cases of undetermined anaemias, the majority were not investigated as the anaemia was deemed to be at a borderline value. There were 129 cases (90.2%) of such instances, where the cut-off values for borderline anaemia were approximately 12g/dl for males, and 10g/dl for females.
There were 2 (1.4%) patients who refused further investigations. Two (1.4%) cases were classified as anaemia due to deconditioning. In 10 instances (7.0%), an unrelated critical medical condition (e.g. pancreatitis, septic shock, respiratory failure) prevented adequate work up.
Risk Factors
The demographic and clinical risk factors for anaemia were then explored, with the results shown in Table 4 . For iron deficiency anaemia, B12 deficiency anaemia and anaemia of chronic disease, risk factors investigated were age, gender, ethnicity and serum creatinine clearance. Additionally, the risk factors of anti-platelets, anticoagulants and NSAID (nonsteroidal anti-inflammatory drugs) use, metformin and proton pump inhibitor use, and Charlson's co-morbidity index were analysed for iron deficiency, B12 deficiency For anaemia of chronic renal disease, risk factors investigated were age, gender and ethnicity, but no significant predictors were found.
DIscUssION
This study revealed a high overall rate of anaemia in hospitalised older persons. The prevalence of anaemia in this study was comparative to that found in the setting of the hospital 13 , even though the criteria for anaemia in this study were institution-specific and not according to the WHO (World Health Organization) criteria that many studies employ.
Distribution of Anaemia types
Iron deficiency anaemia is a common cause of anaemia in the elderly as reported by Guralnik et al 8 . Chronic occult blood loss is usually found to be the main cause in these cases 14 . Underlying malignant or premalignant conditions form a significant percentage of these conditions 15 , supporting recommendations that elderly patients with iron deficiency anaemia should be investigated endoscopically. Such investigations may also prove curative without increase in early mortality 16 .
The substantial percentage of vitamin B12 deficiency anaemia indicates that this diagnosis should be sought for in cases of anaemia. Vitamin B12 deficiency has serious neuropsychiatric consequences, even in the setting of modest anaemia 17 . Given that it is easily amenable to treatment, early diagnosis and supplementation is generally recommended.
The prevalence of folate deficiency is significantly lesser from that reported by an older local study 4 , presumably due to improved dietary regulations. This trend has also been reflected in other countries where there is mandatory fortification of grain products with folic acid 18, 19 .
A major contributing factor towards anaemia in the elderly has always been anaemia due to chronic disease 8 . The laboratory diagnosis of anaemia of chronic disease may be difficult as both the serum concentrations of iron and transferrin saturation can be reduced 20 . Moreover, the clinical use of the term has often been haphazard, without a precise aetiology found in most cases. However, there are certain laboratory parameters that can be used to guide the diagnosis, e.g. normal or increased total iron stores 10 .
The high prevalence rate of anaemia due to chronic renal disease has significance as advanced kidney disease and anaemia has been shown to have an impact on hospitalisation and mortality 21 .
A minority of patients were classified to have unexplained anaemia, although limitations in the study design might have led to an overestimate of this subset. A more complete laboratory investigation and bone marrow examination might have revealed more distinct anaemia subtypes such as myelodysplastic syndrome 11 . A low kidney erythropoietin response, perhaps due in part to occult renal dysfunction, has also been proposed as a major contributing factor to unexplained anaemia 22 .
Thalassaemia minor forms a relatively higher percentage compared to other countries, due to the higher prevalence of thalassaemia trait carriers in Singapore 23 .
A large proportion of anaemias were undetermined, mainly due to the fact that they were mild anaemias. Nonetheless, adverse consequences have been shown with mild anaemia. Decline in important functional measures has been documented 24 , and an increased mortality rate has been found, even in mild anaemia 25 .
Risk Factors for Anaemia
Male gender is a significant risk factor for anaemia. This may be complicated by the fact that the male haemoglobin level falls with age due to a decline in Proceedings of Singapore Healthcare  Volume 20  Number 2  2011 testosterone levels; testosterone is linked to higher haemoglobin levels 26 .
Anaemia is a well-known association of chronic kidney disease 27 . It is believed that inadequate renal production of erythropoietin might play a role 28 . Kidney function usually declines with age, although this may not always be the case. It has been demonstrated that anaemia is more prevalent at a low creatinine clearance, the level at which serum erythropoietin was also found to be low 29 . A creatinine clearance below 60 ml/min has also been found to be a risk factor for anaemia 30 .
Risk Factors for Different types of Anaemia
The role of ethnicity in nutritional anaemias has not been well investigated. In our study, being of a non-Chinese ethnicity (mainly Malay or Indian racial groups) was a predictor for iron deficiency and vitamin B12 deficiency anaemia.
NSAID and antiplatelet use are well-known risk factors of anaemia. However in recent years, evidence points to metformin as a risk factor of B12 deficiency, perhaps due to metformin inducing malabsorption in the ileum, with de Jager et al suggesting that B12 levels should be monitored in patients on metformin therapy 31 .
There were several cases where there was a concomitant pathology of iron deficiency anaemia and iron deficiency anaemia. This reinforces the need to investigate for other causes of nutritional anaemias, even after one form of deficiency has been found. Unsurprisingly, a high Charlson's co-morbidity index correlated with anaemia of chronic disease, showing that the burden of chronic disease is linked with this form of anaemia. A male gender was found to predict for anaemia due to chronic disease. However, this correlation may be complicated by age-related testosterone decline as previously discussed.
Limitations
There continues to be much debate over the criteria of anaemia as defined by the WHO 32 . We elected to use institutional cut-off values for anaemia in this study as we felt it would be more reflective of the local population. However, it is possible that the findings of a male gender being a risk factor for anaemia might in part be due to the high cut-off value of the institution.
A large group of patients were not investigated due to laboratory values showing a mild anaemia. This might have led to an underestimate of the other various types of anaemia, even though unexplained anaemias might have formed the bulk of cases.
The nature of this study was such that the various types of anaemias were broadly defined, which may have led to an over-estimate of the different types of anaemias. Moreover, data was not available to chart the response to dietary supplementation or other forms of medical intervention. It would also be useful if the dietary, socio-economic and living arrangements of the patients could be analysed for correlation with nutritional deficiency anaemias.
Recommendations
Anaemia still remains under-reported and inadequately investigated, especially if it is mild. There may be a role for evaluating cases with even mild anaemia. Longitudinal studies would be helpful in detailing the mechanisms of anaemia, and more importantly, to look into the possible effects of therapeutic interventions in anaemic geriatric patients. Improved definitions of anaemia, and more detailed investigations like a bone marrow aspirate/biopsy where indicated, would also help to define the subtypes of anaemia. Further socioeconomic information would be useful to identify further risk factors.
cONcLUsIONs
The findings suggest that anaemia is prevalent in older hospitalised patients. Both nutritional and non-nutritional anaemias play a contributory role, and specific risk factors may help in the diagnosis and management of subtypes of anaemia.
